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TECHNOLOGY AND METHODOLOGY FOR
THE PRODUCTION OF HIGH QUALITY
POLYMER FILLER AND SUPER-POZZOLAN
FROM FLY ASH

of coarse material greatly contributes to the loss of strength

of the ?lled polymer. Also, untreated ?y ash contains carbon

char particles and “magnetite” particles (a highly substituted
iron-rich spinel) Which are undesirable as they adversely
affect color, increase the bulk density and may cause prob

lems With polymer crystalliZation.

This application claims the bene?t of Provisional appli
cation Ser. No. 60/188,876, ?led Mar. 13, 2000.

Bene?ciation of ?y ash is required in order to produce a
quality mineral ?ller. Contaminants must be removed, and
the ?nest particle siZes separated ef?ciently. It is knoWn in

TECHNICAL FIELD
The present invention relates to a method for producing a
?ller material suitable for use in the plastics and concrete

10

classi?cation and ?otation separation. Accordingly, consid
eration Was given to simply extending the severity of the

industries from ?y ash. More speci?cally, this invention
relates to a method for reducing particle ?occulation,

hydraulic classi?cation step as described in US. Pat. No.

thereby alloWing production of a ?y ash-based ?ller material
containing a narroW range of particle siZes.

the art to accomplish such bene?ciation of ?y ash for use as,
e.g., an admix in concrete, by such means as hydraulic

15

5,817,230 to Groppo et al., incorporated herein by reference
and describing a method for producing an improved poZ

Zolan. Brie?y, this technology employs hydraulic classi?

BACKGROUND OF THE INVENTION

cation to remove the coarse ash as Well as dense magnetite

Plastics have become the dominant material of our age,

replacing Wood, metal and ceramics. Plastic products almost
never contain the pure polymer but are compounded mate

particles. A second screen may be employed to recover very
20

the case for ?y ash recovered from a land?ll or sediment

rials containing plasticiZers, antioxidants, biocides, UV
blockers, ?re and smoke retardants, coloring agents (stains

pond. This step is then folloWed by froth ?otation to recover
the carbon and reduce the loss on ignition to acceptable
levels.

and pigments) and mineral ?llers. Substances previously
used as mineral ?llers include naturally occurring or pre

cipitated calcium carbonate (CaCO3, primarily as calcite),
aluminum trihydroxide (Al(OH)3 or ATH), calcium silicate
(CaSiO3, as Wollastinite), carbon black, titanium dioxide

25

30

controlled. HoWever, ?ller production is in the range of
millions of tons With monetary value in the billions of
dollars.

Mineral ?llers have tWo major functions in the plastics
industry. First, they may be utiliZed as material extenders to
displace the resin or polymer and reduce the overall cost of
the product. Second, they may be used as material modi?ers
to change the physical characteristics of the ?nal product.

Thermoplastic polymers ?lled With rigid inorganic particles
display higher values of Young’s modulus, better thermal

to produce a suitable ?ller grade ?y ash material for plastics,
concrete, and the like. First, the problem of hindered or
“blanket” settling had to be addressed. Blanket settling
refers to the phenomena Whereby in a mix With differing
particle siZes all of the particles settle concomitantly due to

larger particles entraining smaller particles and hindering
their movement. Thus no differentiation based upon particle
35

40

stability and loWer Wear under friction than un?lled poly
mers. HoWever, certain prior art mineral ?llers may also

greatly reduce the polymer tensile strength, disadvanta
geously contributing to embrittlement.

HoWever, merely extending the severity of hydraulic
classi?cation Was found unsuitable. TWo different phenom
ena had to be overcome to bene?ciate the ?y ash suf?ciently

(TiO2, rutile), ground ?berglass, ground glass, talc and ?y
ash. The total usage and value of ?llers is dif?cult to estimate
as much of the production of ?llers and additives is tightly

light materials and/or plant debris if it is encountered, as in

diameter is possible. Blanket settling is generally knoWn to
occur in particulate materials With high pulp densities and
large differences in particle siZes such as untreated ?y ash.
It is also knoWn that ?y ash tends to ?occulate in Water,
thereby further reducing the ability to differentiate based on
particle siZe. The ?ocs formed are remarkably stable even at
elevated pH values. It is believed that the surface of the
siliceous particles of ?y ash have a less strong or dense

surface charge compared to naturally occurring minerals. It
45

Addition of other prior art ?llers such as calcite or talc to

is knoWn that generally, natural ?occulation can only occur
if the surface charges of the particles are at or near the point

of Zero charge (PZC).

plastics causes problems in the compounding step by
entraining air. Also, these materials greatly increase the
viscosity of the melt, making injection molding more dif?
cult. The shape and texture of the siliceous glassy portion of
?y ash provide certain superior and desirable attributes as a
mineral ?ller for, e.g., plastics. The smooth round surface of
?y ash reduces both air entrainment and melt viscosity
compared to other ?llers. LoWer melt viscosity also
improves the dispersion of the ?ller in the melt. The round
ness of the ?y ash particle further results in reduced abra
siveness compared to materials such as ground glass or
Wollastinite.
Accordingly, ?y ash has been used as a ?ller at loW

50

loadings (1% to 2%) since the 1950’s to improve the
stiffness of some plastic. HoWever, certain disadvantageous
properties of ?y ash have limited its Widespread usage.
Untreated ?y ash contains a broad range of particle siZes
and, compared to more commonly used ?llers, is very
coarse. As an example, a high quality ground calcite based
mineral ?ller Would typically have a median particle siZe
(D50) of from 2 to 5 p. The presence of signi?cant amounts

60

Accordingly, there is need in the art for a method of
treatment of ?y ash for removal of contaminants and ef?
cient separation of the ?nest particle siZes to result in a

suitable ?ller material for, e.g., plastic polymers, concrete,
and cement. To have practical economic value, the recovery

ef?ciency of the small particles (i.e. yield) must be relatively
55

high. The end product must also have a very small median
particle siZe With a narroW siZe range distribution, With

minimal contamination by larger particle siZes. Finally, the
technology must operate at reasonable feed pulp density to
generate product at a reasonable rate to alloW the use of

generally available conventional equipment.
SUMMARY OF THE INVENTION

In accordance With the purposes of the present invention
as described herein, a process for producing ?y ash ?ller
material With a uniform mean particle siZe in the range of
65

2—4 pm is provided. The ?y ash provided by the method of
this invention is suitable as a ?ller material for, e.g., plastic
polymers, mortar, and concrete. In one aspect, the method of

US 6,533,848 B1
4
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the present invention comprises the step of slurrying ?y ash

Reference Will noW be made in detail to the presently

in Water in the presence of a superplasticiZer, followed by
elutriating the resulting slurry by any suitable means such as

preferred embodiments of the invention, examples of Which

an elutriation column or a hydraulic classi?er. Suitable

DETAILED DESCRIPTION OF THE
INVENTION

are illustrated in the accompanying draWing.

superplasticiZers may be selected from the group including,
but not limited to, sulphonated naphthalene-formaldehyde

condensate, sulphonated melamine-formaldehyde
condensate, polycarboxylates and any mixture thereof The
superplasticiZer of choice may be added to the slurry at a
concentration of from about 1.0 g/kg of ?y ash to about 8.0
g/kg of ?y ash. In a preferred embodiment of the present
invention, the superplasticiZer is added to the slurry to near
saturation, but preferably maintained beloW the saturation

10

15

conducted at a pH range of from about 7.5 to about 10.5. In

one preferred embodiment of this invention, the method is
conducted utiliZing fresh ?y ash at a pH range of from about
8.0 to about 9.5. In a particularly preferred embodiment, the
method is conducted utiliZing fresh ?y ash at a pH range of
from about 8.0 to about 8.9. In another preferred
embodiment, the method is conducted on stored ?y ash at a
pH range of from about 9.5 to about 10.5. The method of this

20

25

In still another aspect of this invention, a composition for
use in mortar and concrete is provided Wherein ?y ash ?ller
30

Water requirements and resulting in stronger concrete. These
35

formaldehyde condensate (SNF-condensate). Asecond fam
ily of sulphonate based superplasticiZers includes poly
40

embodiments and its several details are capable of modi?

cation in various, obvious aspects all Without departing from

the invention. Accordingly, the draWings and descriptions

Surprisingly, superplasticiZers have been found to be
effective anti-?occulating agents (dispersants) for the pro
duction of ?y ash suitable as ?ller material in accordance
With the method of this invention. SuperplasticiZers achieve

BRIEF DESCRIPTION OF THE DRAWING

dispersion in a someWhat different manner compared to

The accompanying draWing incorporated in and forming
50

present invention and, together With the description, serves
to explain the principles of the invention. In the draWing:
FIGS. 1a and 1b shoW particle siZe and recovery ef?
55

conventional reagents. It is believed that the long molecules
envelop individual ash particles and attached ionic groups,

increasing the overall negative charge of the particle and
causing electrostatic repulsion. The large siZe and geom
etries of the superplasticiZer molecules may also impart
steric hindrance, further reducing the ash particles’ ability to
?occulate.

Relative recovery ef?ciency (yield) by particle siZe.
FIG. 2 shoWs effect of SNF-condensate concentration and
residence time on yield of ?y ash ?ller material obtained
from ?y ash using the method of the present invention.
FIG. 3 shoWs distribution of feed and product, and percent
recovery (yield) for a typical ?y ash for the method of the
present invention.
FIG. 4 shoWs distribution of feed and product, and percent
recovery (yield) for ?y ash recovered from a high sulfur
bituminous coal.

melamine sulphonates (PMS), also knoWn as sulphonated
melamine formaldehyde condensate (SMF-condensate). A
third family of superplasticiZers includes carboxylated syn
thetic polymers. These latter polymers are highly effective
dispersants and include polycarboxylates such as polyacry
lates.

45

tive.

ciency (yield) for ?y ash treated With 3.1 mg/g and 7.0 mg/g
SNF condensate: (a) Plot of particle siZe and feed for ?y ash
treated With 3.1 mg/g and 7.0 mg/g SNF condensate; (b)

chemical compounds include polynapthalene sulphonate
(PNS), Which is also knoWn as sulphonated napthalene

Will be realiZed, the invention is capable of other different

a part of the speci?cation illustrates several aspects of the

are a group of organic Water soluble polymers With long
molecules of high molecular mass, primarily used in the
cement and concrete industries for their dispersion and Water

Other objects of the present invention Will become appar
ent to those skilled in this art from the folloWing description
Wherein there is shoWn and described a preferred embodi
ment of this invention, simply by Way of illustration of the

Will be regarded as illustrative in nature and not as restric

degree of substrate dependence; (2) loW yield; and (3) erratic
or irreproducible yield.

reduction properties. They effectively disperse the portland
cement particles in hydrated concrete, thereby reducing

polymer composition is provided Wherein 20—30% of any
suitable plastic polymer is replaced by ?y ash ?ller material

modes currently best suited to carry out the invention. As it

sium metaphosphate and pyrophosphate. HoWever, results
have been erratic and highly substrate dependent.
Accordingly, it Was necessary to identify another approach
Which did not suffer from the disadvantages of: (1) high
It is knoWn in the cement and concrete industries to use

In yet still another aspect of this invention, a plastic
having a mean particle siZe of 2—3 pm.

attempts to disperse ?ocs using sonication met With indif
ferent results. Some success has been achieved using potas

compounds knoWn as “superplasticiZers.” SuperplasticiZers

material (super poZZolan) having a mean particle siZe in the
range of 2—4 pm is added in a suf?cient amount to replace
20—30% of the added cement.

an ef?cient separation. It has been observed that in all cases,
the ?ne materials form ?ocs. Prior attempts to disperse the
?ocs using knoWn pH modi?ers such as sodium silicate and

potassium hydroxide have been unsuccessful. Similarly,

invention provides for adjusting the pH of the ?y ash/Water
slurry to a desired range as described above.

polymer compositions derived therefrom. Attempts to
recover suitable ?ller grade material from ?y ash through
simple hydraulic classi?cation in a variety of classi?er
geometries and at natural pH (ie 6.5 to 8.9) fail to produce

point.
In another aspect, the method of the present invention is

As summariZed above, the present invention relates to a
novel method for production of a suitable ?ller material
from ?y ash for use in industries such as the plastics and
cement industries, and to novel mortar, concrete, and plastic

60

Accordingly, the present invention provides a method for
producing suitable ?ller material for various industries uti
liZing superplasticiZers to reduce or eliminate ?occulation of
?y ash particles in Water. The charge density on the ash
particles is much higher With superplasticiZers than can be
attained With conventional dispersants. While not Wishing to
be bound by any particular theory, it is believed that super
plasticiZers are more effective on ?y ash than other knoWn

65

dispersants because the ash surface is smooth, glassy, prob
ably partially hydrated, and possesses decreased surface
charge density in comparison to other minerals.

US 6,533,848 B1
6
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In a presently preferred embodiment of this invention, ?y

Advantageously, the use of superplasticiZers eliminates

ash is ?rst slurried With an effective amount of Water. To

the need for complex hydraulic classi?er designs. The

achieve ?y ash With very loW loss on ignition, the ash is

method of this invention achieves suitable ?y ash ?ller
material preparations using simple elutriation columns or
troughs. As long as laminar ?oW conditions are maintained
and residence times are kept congruent With the dictates of
Stokes LaW, suitable yields and grades of ?y ash are

slurried With Water to a concentration of from about 5% to

about 10% solids. Advantageously, the method of this inven
tion is suitable for use at the pH expected by simply mixing
?y ash With Water. Preferably, the method of the present

achieved utiliZing the present method.

invention is conducted at a pH range of from about 7.5 to
about 10.5 . In one preferred embodiment of this invention,

the method is conducted utiliZing fresh ?y ash at a pH range
of from about 8.0 to about 9.5. In a particularly preferred

10

embodiment, the method is conducted utiliZing fresh ?y ash
at a pH range of from about 8.0 to about 8.9. In yet another

preferred embodiment, the method is conducted using stored

15

?y ash at a pH range of from about 9.5 to about 10.5. If

necessary, the method of this invention provides for adjust
ing pH to the desired alkalinity With a base such as Na2CO3,

the coarse material to settle and effect separation. This in

NaOH, or the like.

If the ?y ash is excessively coarse, it is possible to subject
the slurry to a preliminary hydraulic classi?cation step to
remove the coarsest material prior to addition of superplas
ticiZer. Fly ash recovered from a pond or land?ll, or ?y ash
With excessively high carbon content can ?rst be subjected
to hydraulic classi?cation and froth ?otation as described in

20

turn requires that the samples be fully dispersed so that the
dictates of Stokes LaW prevail. Accordingly, in accordance
With the method of this invention the various particle siZes

settle differentially, preventing the phenomenon of blanket

settling.
25

The compositions and methods of the present invention
may be accomplished by various means Which are illustrated
in the examples beloW. These examples are intended to be
illustrative only, as numerous modi?cations and variations
Will be apparent to those skilled in the art.

US. Pat. Nos. 5,456,363 and 5,817,230, incorporated herein
by reference. Of course, if the ?y ash has a naturally loW
carbon content, the froth ?otation step may be omitted.
The next step is to add superplasticiZer at an appropriate

Commercially available hydraulic classi?ers, such as are
described in Us. Pat. No. 4,961,843 to LeWis (incorporated
herein by reference) or simple modi?cations thereof, are
acceptable for a classi?er vessel. The geometry of the vessel
is not important. Any vessel geometry is suitable for the
method of this invention, as long as it alloWs: 1) the coarse
material to freely settle so that the suspended ?ne material
can be elutriated; and 2) suf?cient residence time to alloW

30

concentration for the properties of the ?y ash being treated.

EXAMPLE 1

It has been found that best results for this method are

achieved When superplasticiZer is added to the ?y ash/Water
slurry at near-saturation concentrations, While maintaining
the concentration of superplasticiZer beloW saturation. Addi
tion of superplasticiZer in excess of saturation disadvanta

Initial experiments at a laboratory scale Were conducted to
35

geously results in reduction in ?nal product quality (grade).
In a presently preferred embodiment of this invention,
superplasticiZer is added to the ?y ash/Water slurry at a
concentration of from about 1 g/Kg to about 8 g/Kg of ?y
ash material. The amount required varies from 1 g/Kg to
about 8 g/Kg of ?y ash material depending upon a number
of factors, including the Water hardness and the presence of
porous carbon. The most appropriate superplasticiZer con
centration for a particular ?y ash may be determined by
various methods, such as adsorption studies combined With
observation of settling behavior of the ash slurry prior to
production scale puri?cation of ?y ash. The last step is

40

determine appropriate superplasticiZer dosages and resi
dence time effects on total ?y ash product yield and grade.
Fly ash Was initially subjected to froth ?otation to reduce
carbon content, and screened to <200 mesh to remove
excessively coarse particulate matter. The ash Was then
blended With Water in a 55-gallon drum and mixed With a

high-speed mixer. The ?nal sample proportions Were:
160.6 kg of Water
29.9 g SNF-condensate (?nal SNF-condensate
45

concentration=3.1 mg/g ?y ash)
pH=8.7
It Was unnecessary to adjust pH of the sample in this

elutriation of the slurry in a column or an appropriate 50

particular example. HoWever, the method of this invention
provides for adjusting pH of the sample to the desired range

hydraulic classi?er operated under laminar ?oW conditions.

With a base, e.g., sodium carbonate. This step may be

Use of superplasticiZers provides effective de?occulation
of ?y ash particles, advantageously being effective at pH in

the ?y ash/Water slurry.

necessary if particularly acidic Water is utiliZed in forming
The sample Was then pumped into a 6-inch diameter
elutriation tube, Which Was maintained at an angle of

the range from 7.5 to 10.5. This pH range is, for the most

part, Within the natural range of pH achieved by simply

approximately 45°. The volume of the tube Was 6934 ml,

suspending ?y ash in Water, thereby minimiZing problems
from excessive scaling resulting from adjusting pH of ?y ash

With the sample inlet positioned above the outlet. The slurry
Was introduced at the upper part of the top of the tube and
the ?ne material or product Was elutriated from a tube along

slurries to more severe alkaline ranges. HoWever, it should

be appreciated that pH can be adjusted as necessary to
achieve the desired range.

60

Fly ash/Water/SNF-condensate slurry Was pumped into

Pulp feeds as high as 8%—9% solids can be used in this
invention Without a signi?cant deterioration of recovery
ef?ciency. In a preferred embodiment of this invention, a

pulp feed range of 5%—7% solids is utiliZed. Atypical ?y ash
produces an end product stream at densities in excess of 2%
solids under these conditions.

the side of the vessel. The coarse under?oW material Was

removed from the bottom of the back part of the tube.
the elutriation tube at a rate of 452 ml/min and the ?oW Was
65

alloWed to reach equilibrium. Residence time in the tube Was
15.3 min, and the percent feed solids Was 5.7%. The percent
solids concentration of the end product Was 0.19%, for a

calculated percent yield of 3.3%.

US 6,533,848 B1
7
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EXAMPLE 2

invention on both fresh ?y ash, and ?y ash recovered from
land?lls or impondments.

A slurry as described in Example 1 Was prepared, and
pumped into the elutriation tube at a feed rate of 603 ml/min.
Residence time in the tube Was 11.5 min, and the percent
feed solids Was 5.0%. The percent solids concentration of
the end product Was 0.34%, for a calculated percent yield of
6.8%.

TABLE 1
Comparison of particle size distribution (in my) between feed and
products from pilot testing of ?ller technology. All samples Were treated
With SNF-condensate.

EXAMPLE 3
10

A ?y ash slurry Was prepared as described in Example 1,
except that the SNF-condensate concentration Was increased

to 7.0 mg/g ?y ash. The slurry Was pumped into the
elutriation tube at a feed rate of 480 ml/min. Residence time
in the tube Was 14.5 min, and the percent feed solids Was 15

D10
D5U
D90
D1DU

Hi S Ash
Feed

Pilot 1

Pilot 2

LoW S Ash
Feed

Pilot 1

Pilot 2

1.7
20.5
95
150

0.8
3.2
10
22

0.6
2.3
7
11

2.1
24
95
150

0.9
3.3
10
17

0.9
3.7
11
22

5.8%. The percent solids concentration of the end product
Was 1.89%, for a calculated percent yield of 33%.

TABLE 2

EXAMPLE 4

Comparison of chemical composition of feedstock from
tWo different ?v ashes With their products.

The slurry as described in Example 3 Was pumped into the

20

elutriation tube at a feed rate of 389 ml/min. Residence time
in the tube Was 17.8 min, and the percent feed solids Was

5.7%. The percent solids concentration of the end product
Was 1.45%, for a calculated percent yield of 26%.

Accordingly, for the ?y ash sample utiliZed in Examples

Ash
C
25 S
LOI

1—4, a concentration of about 7 mg SNF-condensate/g ?y
ash Was required to fully de?occulate the ash. The grade

Density
SiO2
A1203
curves are shoWn in FIGS. 1a and 1b for tWo concentrations
Fe2O3
of SNF-condensate (3.1 mg/g and 7.0 mg/g). The higher 30 TiO2

Hi S
Feed

Pilot 1

Pilot 2

LoW S
Feed

Pilot 1

Pilot 2

95.98
3.71
1.22
4.45

98.30
1.37
0.11
2.26

98.18
1.38
0.16
2.39

96.39
3.42
0.68
3.87

98.64
1.12
0.07
2.06

98.62
1.05
0.03
2.28

2.54
45.12
23.21
13.46
1.14

2.69
51.28
25.32
8.69
1.29

2.63
50.54
25.92
8.72
1.31

2.46
63.27
27.19
5.68
1.48

2.68
61.35
27.91
4.16
1.64

2.67
58.51
27.31
4.25
1.72

yield produced acceptable grades of product With good

CaO

4.05

2.55

2.60

0.01

0.73

0.79

recovery in the 1 to 5 micron range.

MgO
K20
Na2O
P205

0.47
1.73
1.10
0.58

0.59
2.00
1.12
0.59

0.42
2.06
1.58
0.53

0.11
2.18
0.44
0.17

0.35
2.34
0.84
0.18

0.16
2.39

As noted, superplasticiZers are effective for the method of
this invention at concentrations of from about 1.0 to about

8.0 g/kg of ?y ash. As best seen in FIG. 2, the concentration

of the superplasticiZer strongly affects the yield of the ?ller
product, With addition of SNF-condensate at 7.0 mg/g ?y

35

EXAMPLE 6
A pilot plant experiment Was conducted on an ASTM

ash providing signi?cant improvements in yield.
The use of superplasticiZers to de?occulate the ash pro
vides efficient recovery of the ?nest fractions of the ash at
very high ef?ciencies. FIG. 3 presents the siZe curve for the

1.40
0.21

Class F ?y ash obtained from high sulfur bituminous coal.
40

A standard open trough hydraulic classi?er Was utiliZed to

separate varying particle siZes. The experiments described in

product and for the feed for a typical ?y ash. For example,
recoveries (yield) of effectively 100% Were typically

this Example Were preceded by additional experiments as
described in Examples 1—5 to determine optimal concentra

obtained in the 1 to 2 pm siZe range. These results could be

tions of SNF-condensate and pH conditions. Initially, ?y ash

obtained for ash from both high and loW sulfur coal. The

45 Was subjected to a froth ?otation step to remove carbon and

process Was effective for ?y ash that had been stored in a
pond or a land?ll, as Well as on ?y ash received directly from
a poWer plant.

screened to <100 mesh. A total of 140 kg of ?y ash Was
mixed With Water to achieve approximately 1350 liters of

EXAMPLE 5

slurry With a density of 9.98% solids. The pH of the slurry
Was 8.7, and conductivity Was measured at 660 pS.
50

The method of this invention further provides a practical
means for recovering the very smallest particle siZes from

Accordingly, no adjustment of pH Was required. Liquid
SNF-condensate (660 g) Was added, representing a ?nal
SNF-condensate concentration of 4.7 g/kg of ?y ash. The

sample Was continuously stirred in a tank With tWo 10-inch
?y ash, at very high yields and purity. Pilot plant tests Were
diameter impellers driven by 1/2 horsepoWer electric motors
run on ?y ash recovered from a high sulfur and a loW sulfur
coal. The ash Was ?rst subjected to froth ?otation to reduce 55 to maintain the solids in suspension.
carbon content. The ?y ash Was then treated With SNF
The slurry Was pumped through the horiZontal classi?er at
a rate of from about 1.39 to about 1.53 L/min for about 9
condensate and classi?ed hydraulically. As seen in Table 1,
hours. FloW rate Was maintained at a steady rate for about 7
the ?nal product had a median particle siZe (D50) Which
hours. The solids density of the end product ranged from
ranged from 2.3 to 3.7 my With a recovery of almost 100%
in the 0.9 to 2.0 micron siZe range. The iron and sulfur 60 about 2.3% to about 2.8% by Weight, and ?nal product yield

contents Were greatly reduced: sulfur by almost 90% and

varied from about 21% to about 28%. The grade of the

iron by 25% to 35% (Table 2). Most importantly for ?ller
applications, the particles Which Were magnetically suscep

product Was relatively consistent. Average particle distribu

tible Were reduced to almost Zero. Almost all the magnetic

metallic oxide fraction of the ?y ash Was removed in the

process along With other contaminants including carbon.
This example demonstrates the utility of the method of this

65

tion of the feed and end product, and product yield are
presented in FIG. 4. Particle D5O ranged from 3.2 to 3.8 pm,
and D90 ranged from 8.5 to 10 pm. The largest particles
measured in the ?nal product ranged from about 17 to 22
pm.
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and its practical application to thereby enable one of ordi

Pilot test runs have been performed on six different ?y ash

samples. Feed densities have been varied from 4% to 10%,
and end product density has varied from 0.9% to 30%.

nary skill in the art to utiliZe the invention in various

Yields have varied from 15% to 35%, partially as a function

the particular use contemplated. All such modi?cations and

of the ?neness of the feed sample. As needed, NaZCO3 or
NaOH Were added to achieve the desired sample alkalinity.

variations are Within the scope of the invention as deter

embodiments and With various modi?cations as are suited to

mined by the appended claims When interpreted in accor
dance With the breadth to Which they are fairly, legally and

Best results Were achieved at a pH range of from about 8.0

to 9.5 for fresh ?y ash samples, and from about 9.5 to 10.5

equitably entitled.

for stored ?y ash (i.e. from ponds or land?lls). The increased
pH appeared to be more effective in breaking doWn ?ocs
from stored ?y ash, Which appeared more resistant to
dispersion than ?ocs from fresh ?y ash. The amount of

10

superplasticiZer required for full de?occulation of samples

slurrying ?y ash With Water in the presence of a super

plasticiZer;

typically varies from 3.0 to 7.0 g per kg of ?y ash.
15

EXAMPLE 8

classi?er.
2. The method set forth in claim 1, Wherein said slurry

tion as a specialty additive for concrete and cement. As

contains a concentration of solids of from about 5.0% to

shoWn in Table 3, the small diameter of the product and its
consequently large surface area does not produce the delay
in strength that a normal Class F ?y ash produces. The
strength curve for ?y ash ?ller obtained using the method of
this invention resembles that produced by silica fume, a

20

costly and valuable cement additive. Silica fume has a very
high surface area Which contributes to its reactivity in

25

about 10.0%.
3. The method set forth in claim 1, Wherein said slurry
contains a concentration of solids of from about 5.0% to

about 7.0%.
4. The method set forth in claim 1, Wherein said super
plasticiZer is selected from a group consisting of sulpho

nated naphthalene-formaldehyde condensate, sulphonated
melamine-formaldehyde condensate, polycarboxylates and

cement and concrete, but its irregular form also undesirably
increases the viscosity of the concrete, making it “pastey.”

any mixture thereof.

Advantageously, the shape (roundness) of the ?y ash ?ller
product also serves to decrease the viscosity of the cement,
thereby reducing the amount of Water required to meet a
speci?ed ?oW rate.

bringing said slurry to a pH of 7.5—10.5; and

elutriating the resulting slurry in a column/hydraulic

Experiments Were conducted to evaluate suitability of ?y
ash ?ller material obtained using the method of this inven

5. The method set forth in claim 1, including adding said
30

superplasticiZer to said ?y ash at a rate of betWeen substan

tially 1.0—8.0 g/kg of ?y ash.
6. The method set forth in claim 1, including adding said
superplasticiZer to said ?y ash at a rate of betWeen substan

TABLE 3
35

ASTM-C-618 Strength Index data for products of technology. The Hi S
feed is presented for comparison purposes.

tially 3.0—7.0 g/kg of ?y ash.
7. The method set forth in claim 1, including adding said
superplasticiZer to said ?y ash near but beloW saturation.

8. The method set forth in claim 1, including subjecting
said slurry to hydraulic classi?cation prior to addition of said

% Water

1 day

3 day

7 day

28 day

56 day

required

SI.

SI.

SI.

SI.

SI.

93%

81%

89%

87%

100%

116%

9. The method set forth in claim 1, including subjecting
said slurry to froth ?otation prior to addition of said super

92%

90%

104%

104%

117%

137%

plasticiZer.

101%

80%

100%

101%

119%

147%

100%

100%

100%

100%

100%

100%

40

Hi S
Feed
Hi S
Product
LoW S
Product
Control

What is claimed is:
1. A method of providing ?y ash With a mean particle siZe
in the range of 2—4 pm, comprising:

45

EXAMPLE 9

The ?ller material obtained using the method of this
invention has proven to be a very high quality mineral ?ller

for polymer application. The very small and uniform particle
siZe of the product provides enhanced strength to the ?lled
product. Its smooth round shape provides loW air entrain
ment during compounding and reduced melt viscosity com
pared to other mineral ?llers and unprocessed ?y ash. The
smooth round particles also provide for the loWest surface

50

10. The method set forth in claim 1, including operating
said column/hydraulic classi?er under laminar ?oW condi
tions.
11. A method of providing ?y ash With a mean particle
siZe in the range of 2—4 pm, comprising:
slurrying ?y ash With Water in the presence of a super

plasticiZer;
bringing said slurry to a pH of 8.0—8.9; and

elutriating the resulting slurry in a column/hydraulic
classi?er.
12. The method set forth in claim 11, Wherein said slurry
55

contains a concentration of solids of from about 5.0% to

about 10.0%.
13. The method set forth in claim 11, Wherein said slurry

area to volume ratio for any given siZe range, Which results

in the loWest demand for coupling chemicals for the pro
duction of functionaliZed ?llers.

superplasticiZer.

contains a concentration of solids of from about 5.0% to
60

The foregoing description of preferred embodiments of

about 7.0%.
14. The method set forth in claim 11, Wherein said
superplasticiZer is selected from a group consisting of sul

phonated naphthalene-formaldehyde condensate, sulpho

the invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limit

nated melamine-formaldehyde condensate, polycarboxy

the invention to the precise form disclosed. Obvious modi
?cations or variations are possible in light of the above
teachings. The embodiments Were chosen and described to
provide the best illustration of the principles of the invention

lates and any mixture thereof.
65

15. The method set forth in claim 11, including adding
said superplasticiZer to said ?y ash at a rate of betWeen

substantially 1.0—8.0 g/kg of ?y ash.
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16. The method set forth in claim 11, including adding

12

said superplasticiZer to said ?y ash at a rate of between

19. The method set forth in claim 11, including subjecting
said slurry to froth ?otation prior to addition of said super

substantially 3.0—7.0 g/kg of ?y ash.

plasticiZer.

17. The method set forth in claim 11, including adding
said superplasticiZer to said ?y ash near but beloW satura
tion.

18. The method set forth in claim 11, including subjecting
said slurry to hydraulic classi?cation prior to addition of said

superplasticiZer.

20. The method set forth in claim 11, including operating
said colurnn/hydraulic classi?er under larninar ?oW condi
tions.

